Recently, the space between the flying head slider and the disk has been reduced to 10nm or less. Consequently, recording media with grooves such as discrete track media (DTM) [1] and bit-patterned media (BPM), are considered to be some of the most promising media for achieving ultrahigh track densities. Thus, it is becoming increasingly important to analyze the static and dynamic characteristics of flying head sliders over DTM/BPM media using the molecular gas-film lubrication (MGL) equation [2 -4].
The vdW pressure P vdW between the slider and the disk is ZXkY απΩΩτπδ
BASIC EQUATIONS FOR PRESSURES ACTING ON THE SLIDER SURFACE

Equations of Motion
Equations of motion for a 3-DOF slider are expressed in nondimensional form:
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where z, θ and φ are the translational, pitching and rolling displacements, respectively, and ∆p total is the time-dependent and infinitesimal variation of the surface pressure at the bearing surface. When analyzing the surface pressures acting on a slider with a nanometer-order spacing, both the pressures produced by the air bearing (p MGL ), and by the attractive van der Waals (vdW) force (p vdW ), should be considered. As p MGL and p vdW are independent of each other, the sum of these two pressures is equal to the total pressure acting on the slider (p total ), i.e. where the frequency ratio Ω in the x-direction, the wavenumber k, the phase δ in the y-direction. Considering each component of Eq. (7), we can analyze various disk surface. Figures 2 (a) and (b) show the in-phase dynamic pressures (distributed rolling stiffness) produced by the air film and repulsive vdW force, respectively. The slider is a fixed plane inclined slider (l = b = 1 mm) with a minimum spacing of 7 nm, while the disk has a velocity of 10 m/s and was subjected to translational excitation of 10 kHz and ydirection wavenumber of 1. Figure 3 shows the relation between stiffnesses K MGL , K vdW , ΩC MGL and the excitation frequency ratio Ω. Figures  3 (a) , (b) and (c) show translational, pitching and rolling stiffnesses and damping coefficients. As the frequency increases, the translational and rolling stiffness by air film, K 11_MGL and K 33_MGL increases, while the negative stiffness by vdW force, is independent on f.
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STATIC AND DYNAMIC CHARACTERISTICS ANALYSES
3. CONCLUSION We proposed an analyses method for 3-DOF slider dynamics over a disk with grooves considering molecular gas-film lubrication effect and the vdW effect. 
